The hypothesis that mothers of winterâ€"spring-born schizophrenics have an unusual pattern of conception which results in an excess of winterâ€"spring births was tested by studying the distribution of birth-dates of 401 siblings of 120 winterâ€"spring-born schizophrenics and 157 siblings of 59 winterâ€"spring-born controls. All analyses were gender-specific. The results suggest there is no association between the probability of a winterâ€"spring date of birth and being a sibling of a winterâ€"spring-born schizophrenic or control.
of patients for whom aetiology is associated in some way with a seasonally varying factor. We suggest that some subgroup of individuals at an increased risk r of developing schizophrenia because of their genetic background may also be more vulnerable to some seasonally varying factor which further increases their risk. The way the seasonally varying factor interacts with the genetic-risk factors awaits elucidation. We suggest the following two possibilities for further exploration: (a) that there may be some seasonally varying factor that causes an unusual pattern of conception among those with â€˜¿ the schizophrenic genotype'; and (b) that some seasonally varying complication of pregnancy or birth may be associated with the risk for schizophrenia.
It has been reported repeatedly that the distribution of birth-dates of schizophrenic patients differs from that of the general population. Schizophrenics are more likely than the general population to be born inthewinterand earlyspringand less likely to be born in the late spring and summer (Bradbury & Miller, 1985; Boyd eta!, 1986) . The increased risk for schizophrenia in winter-born individuals is reported to be 5â€"15%in most studies, suggesting that time of birth is a minor risk factor for schizophrenia, or that it may be important for only a subgroup of schizophrenic patients -the remaining schizophrenics being born in the winter group by chance. Among schizophrenic patients, the relationship of season of birth to gender, time spent in hospital, age at onset and familial risk has been studied in order to search for this possible subgroup of schizophrenic patients (Boyd eta!, 1986 ; see also preceding paper, this issue). The results of these studies are not consistent. Three hypotheses have been put forward to explain the excess of winter birth-dates among schizophrenic patients (see preceding paper). The hypotheses are that certain babies born at that time of year are affected by an unknown factor which makes them more likely to develop schizophrenia; that babies genetically at risk for schizophrenia are more likely than others to survive winter infections; and that mothers of schizophrenics have an unusual pattern of conception.
The hypothesis that mothers of schizophrenics
have an unusual pattern of conception has been tested by study of the distribution of birth-dates of the siblings of schizophrenic probands. In using birth-dates of siblings inany study,one makes the assumption that the period of gestation is not remarkable and that the pattern of live births is indicative of all conceptions (i.e. that there is not a seasonal variance inconceptions thatdo notproduce a viable outcome). The results of these studies have been conflicting. The work of McNeil et a! (1976) and Hare (1976) supports the hypothesis that there is an unusual pattern of conception among mothers of schizophrenics; the findings of Watson et a! (1984) , Buck & Simpson (1978) and Machon et a! (1983) do not.
The reason for the discrepancy in the findings is not known. One explanation, however, is that if the season-of-birth effect is associated with only a sub group of patients, one would expect the distribution of birth-dates of the siblings to be unusual only among this seasonal subgroup. In the five studies thus far, the samples reporting an excess of siblings born during the winter or spring months may have included a predominance of the seasonal group of patients. Therefore, we suggest that the question at hand is not whether the mothers of schizophrenic patients in general have an unusual pattern of conception, but whether mothers of winter-spring-born schizophrenic patients have an unusual pattern of conception. We know of no reports of tests of the idea that the mothers of winter-spring-born schizophrenic patients have an unusual pattern of conception. In this paper we report the results of analyses to determine whether the probability of a winter spring date of birth is greater for siblings of winter-spring-born schizophrenics than for those of appropriate controls. The following features distinguish our study from many others. (a) Both cases and controls were derived from a large systematic sample of patients meeting specific criteria and identified in 15 hospitals. (b) The research diagnoses of the cases and controls were made from multiple sources of information, with demonstrated high reliability. (c) Information about the dates of birth of the siblings (both full siblings and maternal half-siblings) was obtained from two informants. (d) Analysis was gender-specific. (e) The analyses take into consideration the non-independence of the family data being analysed.
Method
Pulver et a!, 1989a, 1990; see also preceding paper). In addition, patients were asked (a) to allow us to contact relatives to obtain family information; (b) to allow us to obtain copies of all hospital records; and (c) to allow us to contact them periodicallyfor follow-up interviews.
A best-estimate research diagnosis was assigned to patients as described in the preceding paper. For diagnosis in the relatives, a family history was obtained from informants judged by the proband to be knowledgeable about his/her family. Information was 
Statistical methods
We first calculated gender-specific odds ratios comparing the odds of having a winterâ€"spring birth-date for the siblings of schizophrenics versus the siblings of controls. These odds ratio calculations are subject to the following criticisms. Firstly, they are unadjusted. A modelling approach for binary outcomes such as the logistic regression method will allow for the adjustment of possible confounders as wellas the inclusionof covariatesof interest. Secondly, becausethe data indude individualsfrom the samefamily, the possiblecorrelationof birth-dates within familiesis an issue.Withoutadjustingfor dependencebetweenindividuals regarding the probability of a winter-spring birth-date, the inference based on the conventional logistic regression method is inadequate because the standard errors of the coefficient estimates are incorrect. This dependence between outcomes was accounted for using a logistic regression model along with a statistical method called Generalised Estimating Equations (GEE; Liang & Zeger, 1986) . The GEE approach wasdesignedto provideappropriate than for a sibling of a winterâ€"spring-borncontrol. This association was the same for siblings of early-and late-onset probands, resulting in the removal of age at onset from all models.
Wealsoexaminedwhethersiblingsof winter-spring-born schizophrenics who are also affected with schizophrenia are more likely to have a winterâ€"springbirth-date than unaffected siblings of winter spring-born schizophremcs.
Amongthe siblingsof the winter-spring-born schizophrenics, 107 were also born during February to May. Of these, six (5.6Â°1o) received an RDC diagnosis of schizophrenia. Among the remaining294 siblingsof schizophrenics(i.e.
siblings born during other months of the year), 14 received varies by a proportionality factor which is dependent on whetherthe subjectisa siblingof a schizophrenic or control.
Thus, a proportionality factor >1 indicates that the odds of havinga winter-springbirth-dateare higherfor a siblingof a schizophrenicthan for a siblingof a control (siblingsof
P! controls being the reference group). This model also allows
the proportionality factorto be variedaccordingto probands' age at onset and gender. Hence, if the season-of-birth phenomenon is only associated with a subgroup of schizophrenic probands, this subgroup may be associated with age at onset of psychosisand genderof the proband. Frominitialcalculations, oddsratiosof 0.88for malesand 0.64 for females(seeTable 1),withP valuesfrom a x2test Table 2 Resultsof logisticregressionanalysesto comparethe probabilityof winter-springbirthsamongsiblingsof schizophrenics and controls1
1. The logistic regression model is log [P(1 â€"¿ P)J =a i-b S where P is the probability that a sibling of a schizophrenic has a winter-spring birth date. The covariate S is an indicator variable equal to 1 for a sibling of a schizophrenic and 0 for a sibling of a control. Allmodels are solved using generalised estimating equations. 2. This is an estimate of the log of the proportionality factor. If it is not significant then the odds of being born in the winter-spring months are not dependent on the schizophrenic/controlstatus of the subject. 3. Ratio of coefficient estimate to standard error. 4. All tests are two-sided and test for the significance of the covariate.
an RDC diagnosis of schizophrenia (4.8%). Therefore, season of birth does not appear to be associatedwith the affected status (i.e. schizophrenicor not) of the siblings of the winterâ€"spring-born patients.
Discussion
The results of this study do not support the idea that the season of birth of schizophrenic patients is influenced by an unusual pattern of conception among the mothers of schizophrenic probands. Nor do the results support the idea that the affected status of the schizophrenic's sibling is associated with time of birth. Given that we know of no other reports of birth dates in samples limited to the siblings of winter-spring-born probands, we cannot compare these findings with others. But by limiting our sample to those schizophrenics and controls who were born during the time of year when the â€˜¿ seasonal subgroups' predominate, we increased the probability of detecting an association between siblings' month of birth and whether or not they were siblings of the schizophrenics or of the controls.
It is important to consider what the potential methodological weaknesses of our study are and how they may affect the conclusions of our study. We can identify five; each is discussed below.
Sourceof information regardingdateof birth. The accuracy of report of the date of birth of siblings may be questioned. The proband's date of birth was obtained direct from the proband, whereas those of the siblings were derived from informants. It is the latter that may be questioned. The informants for each family usually included the mother and/or a sibling of the proband. We were able to compare the informant and proband reports of the proband's date of birth and found agreement in all cases but six. So it is plausible to suppose that any misclassification of birth-dates among the siblings is negligible.
Source of information regarding the psychiatric status of the siblings. The proband's psychiatric diagnosis was based on a best-estimate procedure which included information from multiple sources (direct assessment, medical records and informant mformation), whereas the information used to assign a psychiatric diagnosis to the siblings of the probands was obtained from informants. The diagnoses based on informant data may not be as valid as those based upon a best-estimate procedure, particularly for some disorders. However, initial comparisons between the diagnoses of siblings based on informant data and those derived from a best-estimate procedure, which we are using for a linkage study of the same sample, suggested that there is excellent agreement for the diagnosis of schizophrenia.
The appropriateness of the control group. We compare the birth-dates of the siblings of schizo phrenic patients born during February to May with thoseof the siblingsof anothergroup of patients derived from the same hospital sample who were also born during February to May. This control group includes the siblings of probands who were given a diagnosis of major depression, alcoholism or personality disorder. Season of birth is not implicated in the risk for these disorders. Individuals who were diagnosed as having bipolar illness, however, were not included in the control group because there is some question as to whether the season-of-birth phenomenon is also seen in the birth dates of bipolar patients.
Sample size and the power associated with the analyses. The 120 winter-spring-born schizophrenics have 401 siblings and the 59 winterâ€"spring-born controls have 157 siblings. We chose to do gender specific analyses because of concerns for differences in the association by proband gender, even though gender-specific analyses reduced the number of schizophrenics and controls and thus the power associated with each analysis. The power associated with the ability to detect a threefold difference in the probability of a winter-spring birth being greater for a sibling of a schizophrenic than for a sibling of a control, when the probability of a winterâ€"spring birth is 0.25 for a sibling of a control, is 0.92 for the analyses of the male probands and 0.70 for the analyses of the female probands. The power associated with the probability of detecting a two-fold difference, when the probability of a winterâ€"spring birth is 0.33 for a sibling of a control, is 0.63 for the analyses of the male probands and 0.48 for the analyses of the female probands. This lack of power for detecting the difference in the probability of a winter-spring birth-date between cases and controls may be due to the small sample size, especially for female probands.
Does the distribution of live births provide a good
test of the hypothesis of an unusual pattern of conceptions? In using date of birth, we have made theassumption thatthemothers of ourschizophrenics and controls do not differ with regard to the length of gestation or the probability of a seasonal pattern to conceptions that do not produce a viable outcome. These assumptions may not be true. We have little data to reflect on this. We contrasted the spacing between births for the mothers of schizophrenic probands and controls. Any mother who had three years or more between births was considered to have a prolonged birth interval. The odds of such an interval between births were significantly greater for the mothers of winter-spring-born schizophrenic -@
SEASON OF BIRTH OF SIBLINGS OF SCHIZOPHRENIC PATIENTS
probands than for the mothers of the controls (odds ratio 2.3, P= 0.01). The greater spacing between births for these mothers suggests that there may have been other complicated pregnancies which did not result in a viable outcome.
In conclusion, the basis for the observed seasonal phenomenon in schizophrenia awaits elucidation. Our analyses of the birth-dates of the siblings of the probands do not support the hypothesis that the mothers of winterâ€"spring-born schizophrenics are more likely to conceive during the spring and summer months than are the mothers of other patients who were born during the winter-spring months. However, the study of live births may not be adequate to answer this question. A more definitive approach would be to study the reproductive histories of a large number of mothers of schizophrenics and controls in which fecundity, abortions and still births can be counted.
